Abstract. The article presents one of the methods of management used in quality engineering, i.e. the SMED, which is applied to streamline the functioning of machines used on a production line. The research problem that was analysed on one of the production lines was too long a retooling time which resulted in too high a cost of the operation which, consequently, resulted in excessive overall production costs. The main aim of the actions undertaken when applying the SMED method was to identify potentially problematic areas and reduce the retooling time. All those actions allowed to minimise production costs, and improved the functioning of the company as well as the efficiency of the production process.
Theoretical introduction
Due to market requirements and the need to reduce constantly rising production costs, enterprises more and more often introduce solutions of the Lean methodology. The Lean concept, which originates from Japan, also referred to as "lean management", consists mainly of getting rid of all the wastefulness in a company. Wastefulness refers to activities such as overproduction, unnecessary movements, stocks, unnecessary transport, any errors in the production process, as well as waiting times and shortages. To achieve the intended benefits, it is necessary to implement many Lean tools and methods [1, 2, 7] .
For the proper functioning of the company and a quick response to the needs of customers, it is necessary to introduce shorter production series, which in turn leads to shortening retooling times and reducing production costs. To achieve such goals, the Single Minute Exchange of Die method, or SMED, is used [3, 8, 10, 11, 22] .
The SMED method developed by a Japanese engineer Shigeo Shingo, was first implemented in TOYOTA's factories. The SMED methodology was established to reduce the time needed for retooling of the press and setting tools in machines, but its philosophy can be applied to all production processes. It allows to reduce some of the retooling times from several hours down to several minutes, which it is very important when it comes to reducing production costs. Sometimes shortening even one operation allows for the reduction of costs on the whole production line. It is known that achieving a result below 10 minutes is not always possible for all retoolings, but the very application of the method reduces the retooling time in virtually any case. Any reduction of retooling time will consequently reduce costs [4, 9, 12] .
The retooling processes of machines and devices have a characteristic common feature, namely they all consist of four stages that are the same for each type of equipment and operation. The first stage is preparation, inspection of parts and tools as well as postprocess regulations [5, 6, 13, 15] . The second stage consists of assembly and disassembly of blades, parts and tools. Then settings, measurements and calibrations are made. The final stage is trial series and corrections of the machine settings [14, 16, 18, 19, 21] . The scientific goal in this article was to show how the application of the SMED method and the introduction of improvement measures have an impact on improving the efficiency of the production process.
Description of the research problem
In the company surveyed, the main problem was related to the retooling of machines used for pipe bending. The total retooling time of this machine was 116 minutes, which is much too long, which resulted in generating large losses and reducing the efficiency of the production process. In addition to the very long retooling time of the machine, the following factors were also important: the machine is heavily used and plays a very important role in the whole production process. It is the most expensive and most complex machine in the whole production hall, with the largest number of retooling, having the most complicated retooling process due to the largest number of parts to be replaced and has the longest downtimes.
All these aspects caused the management to make the decision to deal with the retooling process in the first place with the goal to shorten this time to about 10 minutes. All the activities that were undertaken were consistent with the SMED terminology [17, 20] .
Measures to improve the efficiency of the production process
In order to improve the efficiency of the production process, the following actions were taken in accordance with the SMED terminology: ˗ preparation and analysis of a video recording, the checklist presented in Table 1 was helpful in the analysis ˗ specifying all the activities performed during the retooling that generate the greatest losses of time. These included: searching for tools, importing tools for retooling the machine, organizing the trolley with tools, consulting, loading tools onto the trolley.
The total time of all activities is 125 [17] ˗ division of internal to external activities ˗ transforming internal activities into external ones ˗ proposing and implementing improvement measures. Is the location in which tools and equipment should be stored after retooling clearly specified? 17 Is the location in which tools and equipment should be stored prior to retooling clearly specified? 18 Is there a designated location for tools for the next reference?
Among the stages described above, the most important was the preparation and analysis of the video recording, as it was used to identify further activities related to the identification of activities, division into internal and external activities and the process of transforming internal activities into external ones. These were key activities because they allowed to identify the bottleneck which, undoubtedly, was the production machine analysed. Meanwhile, in the case of other machines, no action was taken, as they were carried out in accordance with the standards and were within the limits of 5 -9 minutes [17] .
As it turned out, the introduction of appropriate improvement measures in the form of replacing the manual key with a pneumatic wrench made it possible to shorten the screwing and unscrewing time by as much as 75%. All these aspects caused the retooling time of the line to be reduced by 50%, and the machine which was causing the greatest time losses by almost 60%, 
Conclusion
The presented analysis, consistent with the SMED methodology, allowed to improve the efficiency of the production process by: ˗ shortening the retooling time of the line by 50%, ˗ shortening the retooling time of the bending machine by less than 60%, ˗ reducing the screwing and unscrewing time by 75%, ˗ shortening the machine part replacement time by almost 32%, ˗ planned return on investment in the purchase of electric impact wrenches at the level of almost 7%. In addition to shortening the retooling time, the following actions have been proposed to improve the retooling process [17] : ˗ permanently affixing handles to the smoothening clamp and temporarily mounting the handles on the roll -external operation, ˗ mounting of the positioning screw to the pressure clamp and setting the clamp heightexternal operation, ˗ using a pneumatic wrench to eliminate time wastage during the screwing/unscrewing of a large number of screws with multi-start threads, ˗ development of a new retooling instruction, ˗ development of a checklist for setters, Achieving the results presented was possible by introducing changes in the area of improving the retooling process as well as organization and communication in the workplace [17] .
